In Fig. 7 .2, the multilayer will be described as a stratified medium with An electromagnetic plane wave impinging on such a stratified multilayer 1 medium is a classic problem described in several textbooks. 19 We will follow 2 the treatment of Parratt, 17 who studied the case at X-ray frequencies. Parratt's derivation, which was aimed at calculating the reflectivity in 4 vacuum, will be modified for the XSW case to make it possible to calculate 5 the E-field intensity at any point within the multilayer. For the σ-polarization case, the continuity of tangential components of 7 the E-field and the H-field vectors at the j, j + 1 boundary leads to the 8 following pair of equations for the E-fields at depth z j and z j+1 below the 9 top interface of layer j and j + 1, respectively.
where the E-fields within the jth layer at a depth z j below the j − 1, j 11 interface are expressed as:
The amplitude factors (or retardation factors),
3) The X-ray Standing Wave Technique: Principles and Applications account for the phase retardation effects incurred by the waves traveling to 1 and from the j, j+1 boundary from depths z j and z j+1 within the respective 2 layers. Using the small-angle approximation, sinθ j = θ j , we define
as the complex scattering vector inside the jth layer. In the top vacuum (air)
The solution to the two simultaneous 5 equations in Eq. (7.1) leads to a recursion formula
The Fresnel coefficients for reflectivity and transmission at the j, j + 1 8 interface are defined respectively as:
The recursion formulation (Eq. 7.5) is solved by starting at the semi- 
is the E-field amplitude ratio at the top interface. This is used to calculate 15 the reflectivity. The E-field intensity at depth z j within the jth layer is:
(7.10) From Eq. (7.6), the modulus and relative phase of the E-field amplitude 2 ratio are respectively defined as:
If we normalize the incident intensity to unity, i.e., set |E 1 (0)| 2 = 1, the 4 intensity in the transmitted E-field at the top of the jth layer is:
(7.14) The XRF yield from a distribution of atoms, ρ(z), within the multilayer is
where µ F and α are, respectively, the linear absorption coefficient and take-7 off angle for the emitted fluorescent X-rays.
8
The example XRF yield shown in Fig. 7 .3(b) and 7.3(c) is for Hg-labeled
9
RNA molecules adsorbed to an amine-terminated self-assembled monolayer 10 that was grown on the top silica layer of the multilayer described in Fig. 7 .4, In the above case study, a simple over-layer configuration that had 9 no measurable effect on the X-ray reflectivity was used to demonstrate 10 the XSW technique using periodic multilayers. However, many overlayer 11 structures do have a significant effect on the reflectivity and must therefore 12 be included in the reflectivity modeling step. 4, 5, 22 In this case, the unknown 13 overlayer structure is determined using an iterative process of reflectivity-14 fitting followed by determination of the element distribution using XSW.
15
In such cases the E-field intensity, I(Q,z) is calculated inside the layer 16 representing the unknown overlayer. This method is also able to successfully 17 treat cases in which a resonant cavity occurs.
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